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THE INFLUENCE OF ADRENAL AND PITUITARY
HORMONES ON LIVER ARGINASE ACTIVITY
FOLLOWING NEPHRECTOMY OR RENAL
PEDICLE LIGATION IN THE RAT*
E. MYLON AND P. GOLDSTEIN
Impairment of intermediary nitrogen metabolism has been reported in
dogs with reduced or abolished kidney function.' In nephrectomized
animals fed a high protein diet, the deficiency is manifested by a 65-75%o
reduction of urea formation, by an early development of toxic symptoms,
and by a short survival time." No explanation is at hand for the influence
of renal function on urea formation nor for the observed increase in toxicity.
On the basis of reports by Borsook and Dubnoff' and by Cohen and
Hayano' concerned with transformation of citrulline into arginine in renal
tissue, it was hypothesized that lack of the accessory renal source of
arginine might decrease the plasma level of this amino acid and thus
influence the urea cycle in the liver. This working hypothesis, as will be
reported as part of this paper, has been invalidated by arginine determina-
tions in plasma. Nevertheless, studies on liver arginase activity in rats, 72
hours after bilateral nephrectomy or 24 hours after bilateral ligation of
renal pedicles, has demonstrated clearly a significant elevation of the
activity of this enzyme.1' Changes in liver arginase activity in normal
animals have been previously related to pituitary and adrenal cortical
influences. '' It was of interest, therefore, to investigate whether or not
hormonal influences are involved in the great rise in liver-arginase activity
that follows bilateral nephrectomy or renal ischemia produced by renal
pedicle ligation. The paper to be presented includes the results of this
investigation.
Material and methods
Male albino rats weighing from 250 to 400 grams were standardized on a Purina
chow diet. The kidneys and adrenals were removed through a midline abdominal in-
cision under light nembutal anesthesia (4 mg./100 gm. rat). Liver arginase activity
was determined by a modification of the method of Hunter and Downs."'' At frequent
intervals the accuracy of the method was tested by determining separately several S ml.
* From the Laboratory of Pathology, Yale University School of Medicine. Aided by
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aliquots of the same liver homogenate. In a typical experiment the following titration
values and arginase units were found for normal fasting liver: (1) 4.9 mg. urea-N,
253 units, (2) 5.1 mg. urea-N, 262 units, (3) 4.6 mg. urea-N, 240 units, (4) 4.8 mg.
urea-N, 245 units. The potency of the commercial urease was tested by its action on
known quantities of urea.
Non-protein nitrogen was determined by the half-micro Kjeldahl technique on blood
drawn by cardiac puncture at the time the animals were sacrificed.
The adrenalectomized fasted rats were maintained on 1 per cent saline alone. One
ml. of Adrenal Cortical Extract (Upjohn) plus one mg. of ll-dehydrocorticosterone
acetate* were given daily when substitution therapy was desired.
Partially purified crystalline growth hormone was prepared from beef anterior
pituitaries according to the method of Fishman, Wilhelmi, and Russell.' The daily dose
of this material was 5 mg. per rat, given subcutaneously in two divided doses. Plasma
arginine concentration was determined with the method of Albanese and Frankston.'
Experimental results
A. Plasma arginine concentration in rats. A total of 18 rats was divided
in three groups of six each. The first group were normal rats, three animals
fasted for 24 hours and three for 72 hours; the second group were renal
pedicle-ligated rats sacrificed 24 hours after ligation, and the third were
nephrectomized rats sacrificed 72 hours after nephrectomy. Plasma arginine
levels for the first group were found to be 1.672 ± .354t mg. per cent and
1.579 ± .179t mg. per cent respectively. The arginine concentration for the
second group was 1.650 ± .397t mg. per cent and for the third 1.264
± .231t mg. per cent.
B. Influence of bilateral adrenalectomy or cortical extracts. Reduction of
liver arginase activity has been reported to follow removal of both adrenal
glands."" e 6.10 Similar results have been obtained in a total of eight rats,
divided in two groups of four each. In the first group (48 hours fasting)
the average enzyme activity was 170.9 ± 6.3* units, in the second group
(72 hours fasting) the activity was 148 ± 6.4* units, contrasting to an
average of 256 ± 25.9* units previously observed in fasting normal
animals.' Daily injections of cortical extract and 11-dehydrocorticosterone
acetate for three days following removal of the adrenals kept the liver
arginase activity in four rats at 253.6 ± 15* units, i.e., at normal valies.
The influence of bilateral nephrectomy was studied in a group of five
nephrectomized-adrenalectomized rats, fasted for 72 hours. The average
enzyme activity was found to be 176.86 ± 26.7* units, contrasting to the
average enzyme activity of 373.7 ± 46.2* units previously reported from
* Courtesy of Dr. C. N. IH. Long.
t Standard deviation of the mean.
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nephrectomized, non-adrenalectomized rats.' When four adrenalectomized-
nephrectomized rats, fasted 72 hours, were treated with cortical extract and
desoxycorticosterone acetate, as indicated above, the liver arginase activity
:
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FIG. 1. Liver arginase activity in:
A. Normal fed rats.
B. Nephrectomized, fasted 72 hrs.
C. Adrenalectomized, fasted 48 hrs.
D. Adrenalectomized, fasted 72 hrs.
E. Adrenalectomized-nephrectomized, fasted 72 hrs.
F. Adrenalectomized treated,* fasted 72 hrs.
G. Adrenalectomized-:nephrectomized treated,* fasted 72 hrs.
H. Renal pedicle ligation, fasted 24 hrs.
I. Renal pedicle ligation treated,t fasted 24 hrs.
J. Nephrectomized treated,t fasted 72 hrs.
* Treated with 1 cc. A.C.E. (Upjohn) plus 1 mg. dehydrocorticosterone daily.
t Treated with 5 mg. purified growth hormone daily.
rose to 359.5 + 25.0* units, approaching the value of 373.7 units of
nephrectomized non-adrenalectomized animals.
C. Influence of pituitary growth hormone. Subcutaneous administration
of growth hormone to five renal pedicle-ligated rats, fasted for 24 hours,YALE JOURNAL OF BIOLOGY AND MEDICINE
resulted in an average liver arginase activity of 253.0 ± 24.7* units. This
contrasts strongly with the average of 412.4 ± 51.6* units observed in
untreated renal pedicle-ligated rats.'
Administration of growth hormone to eight nephrectomized rats (fasted
for 72 hours) on the three days following removal of their kidneys likewise
produced a marked decrease of the arginase activity. The average enzyme
activity of 265.1 ± 24.6* units observed in these animals is a highly
significant reduction from the average of 373.7 units obtained in untreated
nephrectomized rats, fasted for 72 hours.
Concomitantly, the nitrogen catabolism in the animals treated with
growth hormone was reduced as evidenced by the smaller rise in blood
non-protein nitrogen. The average NPN of 126 mg. per cent after 24 hours,
and 250-mg. per cent after 72 hours, in treated renal pedicle-ligated and
treated nephrectomized rats, respectively, differs noticeably from an average
of 158 mg. per cent and 350 mg. per cent, respectively, in untreated animals.
Figure 1 summarizes the above results.
Discussion and summary
Arginine values determined in the plasma of nephrectomized and renal
pedicle-ligated rats did not differ substantially from those obtained in
normal rats. Under the conditions of these experiments, loss of the renal
source of arginine did not reduce the plasma arginine level significantly.
This result has invalidated the tentative explanation offered for the increase
in liver arginase activity observed in nephrectomized and pedicle-ligated
rats. Evidence presented in this paper relates the change in liver arginase
activity at least in part to modifications of pituitary and adrenal action. It
has been demonstrated that the increase of liver arginase activity in
bilaterally nephrectomized or renal pedicle-ligated rats is lacking after the
removal of the adrenal glands. Administration of pituitary growth hormone
produces an effect like that of adrenalectomy.
These results suggest that nephrectomy or renal pedicle ligation may be
accompanied by an increased output of cortical hormone or by a decreased
activity of the pituitary growth hormone.
While the mechanism of this hormonal involvement is not yet known, it
is further suggested that protein metabolites either of unusual composition
or of abnormal amount are the agents responsible for the changes observed.
* Standard deviation of the mean.
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